Abstract: PTEN is inactivated in a subset of lung cancer; therefore, we investigated the involvement of PTEN inactivation in invasiveness of lung cancer cells. AKT at Ser473 was phosphorylated in several lung cancer cell lines with loss of PTEN expression. Therefore, we created a tetracycline inducible expression system of wild-type PTEN (PTEN-WT) as well as catalytically (PTEN-G129R) and lipid phosphatase (PTEN-G129E) inactive PTEN mutants using the PC14, lung adenocarcinoma cell lines, in which endogenous PTEN expression was not detected and AKT at Ser473 was phosphorylated by Western blot analysis. These results suggest that the PTEN gene cannot induce apoptosis alone, but apoptosis can be achieved by the suppression of other pathways. The absence of PTEN expression gives an invasive and metastatic phenotype to cancer cells, and also while staging of cancer cells that allows the transition to a further stage of cancer.
Introduction
Lung cancer is the leading cause of cancer-related deaths. 80% of lung cancers are non-small cell lung (NSCLC) cancers [1] . While NSCLC shows approximately 65% heterogeneity, 45% is adeno and squamous type NSCLC [2] . While surgical interventions are performed for patients with stages 1 and 2, some of stage 3 patients have undergone surgical intervention and some of them have received radiotherapy and chemotherapy [3] . Nevertheless, 3-year life expectancy is 35-50% for stage 2 patients and 28% for stage 3 patients, while 5-year survival is 15% in NSCLC patients [4] . In other words, survival rate, chemotherapy and radiotherapy application at early stage patients, increase the survival rate. Tumor cells have an aggressive character while escaping from apoptosis. Two protein families are involved in the apoptotic process; Bcl-2 family and caspases. The Bcl-2 family consists of two opposing groups, one prevents the apoptotic process while the other induces. There is a balance between these two groups in a normal cell. Epidermal Growth Factor Receptor (EGFR) is a transmembrane protein. When EGFR receptor stimulated with cytokines, forms a dimer by autophosphorylation. When EGFR receptor stimulated, it activates the PI3K/AKT/Nf-kB pathway with grb-sos adapter protein and then the BAD is phosphorylated and the cell escapes from apoptosis. The PTEN tumor suppressor protein dephosphorylation blocks the PI3K/AKT phosphorylation step. PTEN is a tumor suppressor gene located at the 10q23 region of the 10th chromosome and double acting phosphatase as lipid phosphatase and protein phosphatase. Lipid phosphatase activity is higher than protein phosphatase activity. PTEN is a tumor suppressor gene that controls the cell cycle, plays a role in the control of proliferation and apoptosis. PTEN promoter region is hypermethylated in many cancers. According to the literature, the two-point mutation in the GAA sequence of the 129th amino acids of the PTEN cDNA significantly affects the PTEN activity. The mutation that converts PTEN G 129R to arginine (AGA) instead of 129. amino acid glycine (GAA), creates catalytically inactive PTEN. The mutation that converts PTEN G129E to glutamic acid (GAA) instead of 129th amino acid glycine (GAA), causes the loss of lipid dephosphorylase effect of PTEN only [2] . Thus, these mutant PTEN forms allow researchers to understand the pathway mechanisms of PTEN. In our study, we examined the effect of PTEN expression on apoptosis by transfecting the Teton system in NSCLC cell line.
Materials and Methods
PC14 cells were cultured in RPMI-1640 medium (Sigma Aldrich, St. Louis, MO, USA) supplemented with 10% fetal bovine serum (Invitrogen, Carlsbad, CA, USA) at 37 °C in a humidified incubator with 5% CO2.
The expression vectors used in the study are "Teton" system vectors (Invitrogen, Carlsbad, CA, USA). These vector systems allow expression of the cloned gene only in the cell by the addition of tetracycline. Furthermore, these vector systems are suitable for tumor suppressor gene expression and function studies that can be performed at any time. PTEN cDNA was amplified using forward (5′-CGCGAATTCGCCATGGCAGCCATCATCAAAGAGATCGTTAGCAGAAACAAAAGGAGA TATCAAGAGGATGGATTCGACTTAGAC-3′) and reverse (5′-CGCGAATTCTCAGACTTTTGTA ATTTGTGTATGCTGATCTTCATCAAAAGGTTCATTCTCTGGATCAGAGTCAGTGGAGGTGTC AGA-3′). primers and Pfu DNA polymerase (Thermo Fisher Scientific, Rockford, IL, USA), and amplified cDNA was cloned into pcDNA 3 and a tetracycline-inducible vector pcDNA4/TO. The PTENG129R and PTENG129E mutants were generated by site-directed mutagenesis. The PTENwt, PTENG129R and PTENG129E expression vectors cloned. By using FUGEN (Roche), PC14 cells were transfected with the muck vector (pcDNATETON), PTENwt (pcDNATETONPTENwt), PTEN G129E (pcDNATETON-PTENG129E) and PTEN G129R (pcDNATETON-PTEN G129R) expression vectors. PC-14 cells were co-transfected with tet6 and tet4 vector systems. After 24 h of transfection, the medium was treated with blastocidin (100 μg/mL) and zeocin (10 μg/mL). The selection was continued for 26 days, while the medium was freshened every three days. Twenty-five days after, the PTENwt, PTENG129R, and PTENG129E vectors transfected colonies were identified.
Cell lysates were prepared in ice-cold RIPA buffer (10 mM Tris-HCl pH7.5, 150 mM NaCl, 2 mM EDTA, 1% NP40, 1% sodium deoxycholate, 0.1% SDS). Cellular debris was removed by centrifugation at 12,000× g for 5 min at 4 °C. One hundred g of proteins were subjected to SDS-PAGE using 2-15% or 7.5% polyacrylamide gels (Pierce, Thermo Fisher Scientific, Rockford, IL, USA), proteins were immunoblotted onto Hybond-PVDF membrane (Amersham-PharmaciaBiotech, Piscataway, NJ, USA) and labeled with antibodies. PTEN and GAPDH, primary antibodies were obtained from Santa Cruz Biotechnology (Dallas, TX, USA). Primary and secondary antibody labeling blots were treated with Super Signal West Pico chemiluminescent substrate (Pierce, Thermo Fisher Scientific, Rockford, IL, USA), exposed to Hyperfilm ECL (Amersham-PharmaciaBiotech, NJ, USA) and developed.
Mock, pcDNA4/TO-PTEN-WT, pcDNA4/TO-PTEN-G129R, and pcDNA4/TO-PTEN-G129E transfected PC14 cells were seeded into 96-well plates (1 × 10 5 cells/mL) and treated with tetracycline (2 μg/mL) for 0, 24, 48 and 72 h. At the end of the incubation period, apoptotic cell numbers were counted by Terminal Deoxynucleotidyl Transferase (TdT)-mediated dUTP nick end labeling (TUNEL) assay (Invitrogen, Carlsbad, CA, USA). Paired t-test and multivariable test were used for statistical analysis. SPSS 17th package program was used for this process.
Results
Western blot analysis was performed in order to understand whether PTEN wt, PTENG129R, and PTENG129E transfected PC 14 cells reaffirmed PTEN expression. Muck vector, PTENwt, PTENG129R, and PTENG129E transfected PC 14 cells were incubated for 2 h with/without 2 μg/mL tetracycline and divided into two groups. After incubation, cells were lysed with RIPA buffer. PTEN labeling indicates that the transfectant PC 14 cells express PTEN wt and mutant forms (Figure 1) . The same result also indicates that PTEN expression presence with tetracycline incubation. 
Discussion
In many non-small cell lung cancers, the PTEN gene cannot be expressed as a result of deletion or promoter methylation. The non-small cell lung cancer cell line (NSCLC) we used in our study, PC 14 cells, can not express the PTEN gene because of the methylated promoter. In our study, PTEN wt, PTENG129R, and PTENG129E have successfully transfected into NSCLC cell line PC 14 cells and the expression was indicated by western blot analysis. Phosphated (active) Akt causes escape from apoptosis. Also, there is study reporting that PTEN gene expression supports apoptosis [5] . However, in our study, the difference between apoptotic cell number of muck vector and mutant PTEN vector transfected cells was not statistically significant. However, some studies have shown that apoptosis in PTEN wt transfected cells is only stimulated by radiotherapy [6] . These results suggest that the PTEN gene cannot induce apoptosis alone, but apoptosis can be achieved by the suppression of other pathways. Furnari et al. (1998) reported that PTEN wt, PTENG129R, and PTENG129E transfection did not induce apoptosis in the glioma cells [7] . This study supports our results. The absence of the expression of PTEN leads to the grading of cancer in prostate cancers as an aggressive (severe) tumor from a moderate tumor condition [8] . The absence of PTEN expression gives an invasive and metastatic phenotype to cancer cells, and also while staging of cancer cells that allows the transition to a further stage of cancer. PTEN cannot induce apoptosis alone.
